Yet, the mortality rate is remarkably high. We report our patients with ARDS in present terms of respiratory and circulatory effects on the lungs, and an evaluation in terms of progress and prognosis.
A dult respiratory distress syndrome has recently been recognized as a critical complication following serious illness, major surgery, and massive trauma. Extensive studies covering the etiology, pathophysiology, and treatment of adult respiratory distress syndrome (ARDS) have been published. 1 " 3 Yet, the mortality rate is remarkably high. We report our patients with ARDS in present terms of respiratory and circulatory effects on the lungs, and an evaluation in terms of progress and prognosis.
MATERIALS AND METHODS
We studied 14 consecutive patients who developed acute respiratory failure and were treated in the intensive care unit at the Osaka University Hospital between April, 1974 and April, 1977. All fulfilled the following criteria: 1) no apparent prior pulmonary disorders prior to shock, trauma, or surgical stress; 2) marked hypoxemia (P[A-a]0" of more than 500 mm Hg); 3) diffuse bilateral infiltrates without cardiac enlargement on chest x-ray films; 4) clinical signs of respiratory distress, such as tachypnea and retractions. The total formed approximately 3 percent of patients admitted to the ICU during the same period. Clinical data of our patients are summarized in Table 1 The above measurements were performed on a daily basis, but when the patient's cardiovascular status was unstable because of the frequent attacks of shock etc, they were abandoned.
On the patients who had developed ARDS on the wards, we started the above measurements on the first day of admission to the ICU.
In six patients (three survived and three died), who frequently developed septic hypotension (warm, flushed skin, systolic arterial pressure of less than 70 mm Hg), a SwanGanz catheter was inserted and cardiac output, total right-toleft shunt, and pulmonary vascular resistance were measured within three days after the onset of ARDS (early stage). In three patients who subsequently died the above measurements were performed more than eight days after the onset of ARDS (late stage). Cardiac output was determined widi a thermodilution cardiac output computer (Cardiovascular Instruments, Ltd). Total right-to-left shunt (Qs/Qt) was calculated by the 100 percent oxygen breathing method: Table 1 (Table 1) .
Autopsies were performed in six patients. Microscopic specimens were evaluated by one of the authors (MS) who specializes in pulmonary pathology. Statistical analysis was performed using Student's i-test. Difference was considered significant when P value was less than 0.05.
RESULTS
Of the 14 patients with ARDS, four recovered mmHg 600 from acute respiratory failure. The over-all mortality was 71.4 percent.
Chest X-ray Film Findings
The chest x-ray films of all the patients showed diffuse reticular infiltration on bilateral lung fields at the onset of ARDS. In three patients who survived, there was no sign of bacterial pneumonia. All other patients showed signs of gram-negative pneumonia on chest x-ray films, and the mean onset was three days (Table 1) .
P(A-a)02
The change in P(A-a)02 with time is shown in Figure 1 . Table 2 shows the mean P(A-a)02 changes with time in ten patients who subsequently died of respiratory failure. In surviving patients, the mean P(A-a)02 at the onset of ARDS was 557.6 ± 15.6 mm Hg (mean ± SD), and it decreased sharply after 24 hours. By the 6th day, it reached a normal range. On the other hand, in patients who died, the mean P(A-a)02 was 548.9 ± 17.8 mm Hg at the onset of ARDS. It showed a persistently high value of approximately 500 mm Hg throughout the course of the disease.
Dead Space Ventilation
The time course of change in physiologic dead space to tidal volume ratio (VD/f/VT) is shown in Figure 2 . The mean values in ten patients who died are shown in Table 2 . In patients who died, the mean VD/f/VT at the onset of ARDS was 53.7 ± 3.8 percent. It increased significantly on the 4th day (P<0.01), and continued to rise thereafter. In surviving patients, VD/f/VT showed peak values by three days and then decreased to within a normal range by six days. The change of anatomic dead space to tidal volume ratio (VDanat/VT) with time in patients who died is also shown in Figure 2 and Table 2 . The mean VDanat/VT was 47.5 ± 7.5 percent at the onset of ARDS. It increased significantly in six days (P < 0.05), and continued to rise thereafter.
Arterial-to-end tidal Pco2 Difference (a-etTcoi)
The time course of change in a-etPco2 in seven patients who died and in two surviving patients is illustrated in Figure 3 . The mean a-etPco2 at the onset of ARDS was 0.4 ± 2.2 mm Hg, which was within a normal range. It increased gradually in patients who died, and showed a mean value of 27.3 ± 12.7 mm Hg just prior to death. Although a-etPco2 was measured in only two patients who survived, the peak values were present between the 2nd and the 4th day (8.0 and 13.9 mm Hg, respectively), and decreased toward normal thereafter.
Effective Dynamic Compliance (Cdyn)
The time course of change in Cdyn is shown in Figure 4 . The mean Cdyn at the onset of ARDS was 24.7 ± 7.5 ml/cmH20. In patients who died, it showed a significantly decreased value in seven days (Fig 5) .
Autopsy
Autopsies were performed in six patients (Nos 3-7, 9). Macroscopically, lungs were heavy and hepatized. On microscopic specimens of the lungs, congestion and pulmonary hemorrhage were the main pathologic changes in patients 4 and 5 who died on the 12th and the 10th days. Hyaline membrane formation and intravascular thrombosis were also observed. In patient 3, who died on the 15th day, hyaline membrane and intravascular thrombosis were prominent. In the other patients, diffuse destruction of the alveolar architecture and interstitial and/or intra-alveolar fibrosis were observed. Active inflammation was observed only in one patient (patient 4).
DISCUSSION
There is a wide variety of studies concerning the pathology and pathophysiology of ARDS. Still there are a great number of patients who develop acute respiratory failure in the intensive care unit. The mortality rate for these patients is remarkably high. The lack of definite criteria of ARDS makes the precise evaluation of the results of experimental and clinical studies difficult. We have selected 14 consecutive patients who developed acute hypoxemia (P[A-a]02 of more than 500 mm Hg) within 24 hours following shock or major surgery and who showed bilateral interstitial edema with no sign of cardiogenic edema on chest x-ray films. In the patients who met the criteria, we measured pulmonary physiologic values on a daily basis, and tried to evaluate them in terms of the progress and prognosis of ARDS.
We have shown that by seven days, all of those who subsequently died had already developed persistent elevation of P( A-a)02, significant increase in alveolar and anatomic dead space and pulmonary vascular resistance, and significant decrease in effective dynamic compliance, compared to initial values. We have also shown that these abnormalities were significantly divergent from the findings in those who survived.
At the onset of ARDS, we observed a marked increase in P(A-a)Q2, marked decrease in effective dynamic compliance, moderate increase in physiologic and anatomic dead space, and normal level of arterial-to-end-tidal Pco2 difference. The pulmonary vascular resistance measured in six patients in this period showed a decreased value. These initial changes could be observed almost uniformly in our 14 patients.
Bartlett et al 8 reported excellent mortality prediction in ARDS by means of the P{ A-a)02/time curve in their series of patients. By using their pulmonary insufficiency index, ten of our patients who died could be scored well over six, which represented poor prognosis. However, two who survived could also be scored more than six. In order to evaluate the reversibility of the pulmonary pathology, measurement of P(A-a)Oa would sometimes be misleading because it represents intrapulmonary shunting and/ or ventilation to perfusion inequality, which are present in the potentially reversible pulmonary pathology of interstitial and/or alveolar edema. 9 Lamy et al 10 combined physiologic and pathologic studies of the lungs with ARDS by means of open lung biopsy. They observed the changes of Pa02 and Qs/Qt with 10 cm H20 of PEEP. They concluded that either the group of patients who showed a fixed shunt and no response of Pa02 to the increase in PEEP, or the group who showed moderate and slowly achieved (30 to 60 minutes) Pa02 response to PEEP exhibited a poor prognosis. Their pathology showed either marked consolidation or extensive fibrosis.
For the prediction of prognosis of ARDS, we have noticed the significance of respiratory dead space and pulmonary vascular resistance values. We have demonstrated that all patients who showed a persistent elevation of P(A-a)02 developed a significant increase in VDanat/Vr by six days compared to the value at the onset of ARDS. The mean a-etPco2, which was considered to be a good index of alveolar dead space, 1112 was normal at the onset of ARDS. However. a-etPco2 showed a progressive increase in those who died and remarkably high values were noted just prior to death. On the other hand, in those who survived, VDanat/VT and a-etPco2 showed high values between the 2nd and 4th days, but returned to a normal range by six days. In those who died, the anatomic and alveolar dead spaces increased significantly in six days, and the trend of the two parameters differed markedly from those who survived. Pulmonary vascular resistance could also be a good index to predict the prognosis of ARDS. Zapol et al 13 showed that survivors of ARDS had progressive decrease of pulmonary vascular resistance with time, whereas non-survivors tended to maintain or increase it. All our patients in whom pulmonary vascular resistance was measured showed clinical signs of septic shock in the early stage of ARDS, and it was relatively low. In three patients who died subsequently, pulmonary vascular resistance was measured later than the 8th day from the onset and it showed a significantly increased value compared to the earlier value. In neither stage did the cardiac output differ significantly, so that the measured increase in pulmonary vascular resistance reflected the pulmonary hypertension in the late stage of ARDS. At autopsy, the lungs showed extensive necrosis of alveolar septa and diffuse interstitial and/or intraalveolar fibrosis in those who died in the late stage of ARDS. These pathologic changes were basically irreversible 14 and would make respiratory failure unresponsive to every kind of treatment. When the above mentioned pathologic changes take place, perfusion to the alveoli might be greatly diminished by diffuse microvascular obliteration from extensive fibrosis and/or intravascular thrombosis. 15 They might have played some part in causing the increase in anatomic and alveolar dead spaces and pulmonary vascular resistance. With conventional methods, we have not succeeded in treating patients who showed persistent increase in P( A-a)C>2, progressive increase in anatomic and alveolar dead spaces, marked increase in pulmonary vascular resistance, and progressive decrease in effective dynamic compliance. By using these parameters with a larger data base, it will be possible to predict the prognosis of ARDS in the earlier stage of the illness and to facilitate the development of more effective treatment.
